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image segmentation (edge detection). Firstly, an image of M7 subtype of 

Acute Myelocytic Leukemia (AML) is selected due to its diagnosing which 

Keywords: were found lacking. Next, apply noise filters for the best of image quality. 

AML Thus by comparing image with no filter, median and average filters, useful 

information can be acquired. Each edge detectors is fixed with threshold 

Edge detection value of 0-0.5 but for Cann edge detection the value can increase until 0.9. 

Leukemia cell From the research, it is found that Canny edge with no filter and a threshold 
M7 value of 0.7 gives a clearer image with less noise reduction. 
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1, INTRODUCTION 

Leukemia cells in humans are growing rapidly each year. In 2016, statistics shows that 24,400 
people are expected to die from this disease [1] Leukemia is one of the deathly diseases amongst humans and 
it is also known as a bone marrow disorder. This disease involves abnormalities of white blood cells 
proliferation that disables the cells to function normally [2].The disease is grouped by how quickly the illness 
develops. It can either be acute or chronic [3]. Also, Leukemias are grouped by affected blood cell type 
(lymphocytes or myelocytes). This disease is categorized into four main types which includes acute 
lymphocytic leukemia (ALL), chronic lymphocytic leukemia (CLL), acute myelocytic leukemia (AML) and 
chronic myelocytic leukemia (CML) [4]. Each leukemia type has its particular properties or shape to 
differentiate one another. Acute Leukemia grows briskly which can invade the body within a few weeks or 
months. Chronic Leukemia on the other hand, takes time growing but progressively worsens over the years. 

Acute Myelogenous Leukemia is a heterogenous group of clonal disorders, which usually not 
detected until it has spread into other organs. AML is classified by a system known as French-American 
British (FAB) classification which categorized into eight subtypes MO until M7[5]. Table 1 shows the 
subtypes of AML classification. Each subtypes varies in properties like the size and number of leukemia cells. 
The usage of edge detection becomes a major part in detecting these changes of cell shape. M7 subtypes have 
been distinguished over the years by the uses of cytochemical and morphological criteria which were found 
lacking [6]. Moreover it has been found that 3-10% of primary childhood AML and children may consists of 
varieties of symptoms such as low-grade fever, diarrhea and easy bruising[7]. Studies have been conducted 
that this type of leukemia is usually abnormally abundant in children with Down Syndrome cases. 
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Table 1. French-American-British Classification [6] 


FAB Subtypes Name 
MO Undifferentiated acute myeloblastic leukemia 
M1 Acute myeloblastic leukemia with minimal maturation 
M2 Acute myeloblastic leukemia with maturation 
M3 Acute promyelocytic leukemia (APL) 
M4 Acute myelomonocytic leukemia 
M4 eos Acute myelomonocytic leukemia with eosinophilia 
M5 Acute monocytic leukemia 
M6 Acute erythroid leukemia 
M7 Acute megakaryoblastic leukemia 


Image segmentation is one of the crucial steps in an automatic leukocyte recognition system[8]. 
This is because the last two steps after segmentation depends greatly on the result of segmentation. 
Edge detection is part of image segmentation. Edge detection contains significant information. It reduces the 
image size and filters out information that are less convenient [9]. Edges typically occur on the boundary 
between two different region in an image [10].Frequently, this detection is the first step in recovering 
information from images. Detecting edges greatly rely on the noise, intensity, brightness and blur. Thus, 
by working with different edges of the same image, differences can be observe and the selected suitable 
algorithm will be chosen to further the next stage of image processing (feature extraction). Edge detection 
can come with a threshold value which functions to detect edges. Typically the lower the threshold value, 
more edges can be detected [11]. However, it 1s not necessarily the many edges found can make an image 
looks great. Due to it’s advantages, edge detection continues to be an active research area. 

Author [10] had conducted a research study in identifying prawn species using various edge 
detection which are Sobel, Canny, Prewitt and Robert. It had been shown that Canny yielded the best result 
as itis able to detect maximum number of edges and edges at the corner. Author also suggested that by using 
Canny, the algorithms can be modified by adjusting the parameters which are able to adapt in numerous 
environment. 

Khairudin and Irmawati [12] performed analysis in edge detection comparison for USG images for 
fetal development in the womb. The techniques involved Sobel, Canny and Prewitt. These 3 detectors are 
analysed with mean Square Error (MSE) and Peak Signal to Noise Ratio (PSNR). Result shows that Sobel 
gives perfect outcome compared to others due to its smooth morphology and all the lines are connected 
in details. 

Other than that [13] studied automated screening system for Acute Myelogenous Leukemia using 
Sobel operator as its edge enhancement. Sobel ables to enhance the borders of the membranes and the cells 
which helps to segment grouped cells and subsequent edge detection. Other than that author also performs 
Canny edge detection that functions to obtain outputs with continuous edges. This is also agreed with [14]. 

A review of AML conducted by [15] uses Canny edge detector for extraction of nucleus. This edge 
detector follows by [16] which uses Canny for searching nucleus boundary and also cytoplasm for 
segmentation in cervical cancer detection. The author uses sensitivity of 0.634. 

Threshold based edge detection studied by [17] conducts variety of edge detectors which includes 
Sobel, Prewitt, Robert, Canny, LoG, Expectation-Maximization (EM) algorithm, OSTU and Genetic 
Algorithm. The study also compares different noise filters and harmonic filter gives out the best image 
output. A threshold range of 0.62-0.8 1s also compared and a threshold value of 0.68 yields the best result. 

Hence, this paper will be about the study of different edge detection techniques (Sobel and Canny) 
which then will be compared with one another to select which is the best techniques to be applied on 
detecting edges on an M7 subtype leukemic cell. The system should able to recognize the cell pattern and 
shape. A threshold value of O until 0.8 1s chosen. The threshold value will determine how many edges are 
available to be detected in an image. Filters (median and averaging) which is for noise removal will also be 
studied to find which is the most suitable filter to minimise/remove noise filters. 


2. RESEARCH METHOD 
Figure 1 shows a flowchart of the overall proposed methodology for this study. This section will 
explain briefly the procedure from image acquisition to the newly image obtained. 
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Figure 1. Proposed methodology flowchart. 


The image on Figure 2 is one of the types of M7 image that was acquired from clinical flow. 
The microscopic image consists of 6 blast cells (purple region) that are megakaryocyte. It is blast and M7 due 
to the dispersed and eccentric nucleus [18]. In addition, the cytoplasm appears to be non-granular, basophilic 
and similar appearance to platelets. Moreover, fragments of megakarioblasts seen in peripheral blood. 


Figure 2. M7 subtype of AML cell 


The RGB image obtained from Figure 2 is converted into gray scale (Figure 3) to reduce dimension 


of image [19]. Moreover, processing becomes flexible when a single intensity value of each pixel is 
specified [20]. 





Figure 3. Gray scale image 
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Filtering is removing some frequencies in order to suppress interfering signals and reduce 
background noise [18]. In other words, Filtering 1s a device or process that removes signal of unwanted 
component or feature. Filters can come in High Pass or Low pass depending on the amount of noise needs to 
be filter. This paper is about removing noise using Low pass filter of averaging filter and median filter. 

Average filter or mean filter functions to smooth the image into non-noise image [21]. 
The smoothing filters are used for image blurring and noise reduction in spatial domain. 

Median filter is a nonlinear image processing operation used to remove the impulsive noise from 
images [22]. They are most preferred against impulsive noise due to their robustness and denoising power. 

For more accurate analysis, the gray scale image is converted to black and white (Binary) [20] as 
shown in Figure 4. The matlab function used is the imb2w function. 





Figure 4. Binary conversion 


The Function of Sobel edge detector is for detecting vertical and Horizontal edges in an image 
known as Gx and Gy[23]. It also combines information into a single matrix. The operator consists of 3x3 
convolution kernels by which one kernel 1s simply rotated by 90° by the other as shown in Figure 5 [10]. 





Figure 5. Sobel masks 


The kernels can be joined together to find the absolute magnitude and the orientation of the gradient 
as shown in (1). 


IG|=,/Gx +Gy (1) 


where: IGI = Gradient magnitude 

Gx = Horizontal convolution mask 

Gy = Vertical convolution mask 

Canny edge detection is also known as the optimal edge detector [24] which satisfies all of the 
performance criteria. Canny comes in several steps as follow [10-11] [23-25]: 
1) Gaussian filtering for noise removal 


mie 
e 20° 

2 

210 (2) 











Where : Go = Gaussian filtering 
2) Finding the intensity and gradient of image whereby it uses four filters to find out the vertical, 
horizontal and diagonal edges to find the blurred image. 
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M (m,n) = J g*m(m,n) + g°n(m,n) (3) 


and, 


6 = tan" sna) 
gm(m, n) 


(4) 


3) Non maximum suppression for thinning of the edge 

4) Double threshold to get rid of spurious responses from bothering factors such as noise and colour 
variation. 

5) Track edge by hysteresis to achieve accurate result by getting rid of weak edges caused by latter 
reasons. 

The aim of threshold is to determine which pixels fall into each category [26]. A straightforward 
thresholding method uses a single value of intensity and relying on it, every pixel can belong to one of two 
categories: 

a. Low intensity of pixel = pixel set to black 
b. High intensity of pixel = pixel set to white 

In Matlab, BW = edge(I,’edge’,thresh) is one of the easiest method to detect edge by using 
threshold. The thresh specifies the sensitivity threshold for the particular edge method[18].If the thresh is not 
specify or empty, edge chooses the value automatically. In this paper a threshold value of O-1 is used to 
compare which value gives out the best effect of M7 subtypes of AML. 

Newly edge detection image are shown in the next section whereby Sobel and Canny compared with 
the two median filters, mean and average. In addition, the two detectors also compared when there is 
no filter. 


3. RESULTS AND ANALYSIS 

In this section, The results from both edge detection, noise filters and threshold value are compared 
with one another and further analysis are done in selecting which threshold values are apt for M7 
subtypes AML. 


3.1. Sobel 
For more accurate analysis sobel as shown in Figure 6, 7 and 8. 


Threshold 0 Threshold 0.1 Threshold 0.2 





fa) (5) ic) 
fa) (b) ic) Threshold 0.3 Threshold 0.4 | Threshold 0.5 


Thre: 03 Thrashold 0.4 Threghald 0.4 





(e) 


Figure 6. (a) Without filter 0 (b) Without filter Figure 7. (a) Median filter 0 (6) Median filter 0.1 
0.1 (c) Without filter 0.2 (d) Without filter 0.3 (c) Median filter 0.2 (d) Median 0.3 
(e) Without filter 0.4 (f) Without filter 0.5 (e) Median filter 0.4 (f) Median filter 0.5 
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Threshold 0 Threshold 0.1 Threshold 0.2 





Figure 8. (a) Averaging filter 0 (b) Averaging filter 0.1 (c) Averaging filter 0.2, (d) Averaging 0.3 
(e) Averaging filter 0.4 (f) Averaging filter 0.5 


3.2. Canny 
Analysis canny as shown in Figure 9, 10 and 11. 





Threshold 0 Threshald 0.2 







Threshold 0.4 Threshold 0.2 


fa) 
Threshold 0.3 





(a) ) ( 
Threshold 0.6 Threshold 0.7 Threshold 0.8 






‘ 73 


Threshold 0.7 


(a) 
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Figure 9. (a) Without filter 0 (b) Without filter 0.1 Figure 10. (a) Median filter 0 (b) Median filter 0.1 


(c) Without filter 0.2 (d) Without filter 0.3 (c) Median filter 0.2 (d) Median filter 0.3 

(e) Without filter 0.4 (f) Without filter 0.5 (e) Median filter 0.4 (f) Median filter 0.5 

(g) Without filter 0.6 (h) Without filter 0.7 (g) Median filter 0.6 (h) Median filter 0.7 
(i) Without filter 0.8 (i) Median filter 0.8 





fel 


Threshold OF 








Figure 11. (a) Averaging filter 0 (b) Averaging filter 0.1 (c) Averaging filter 0.2 (d) Averaging 0.3 (e) 
Averaging filter 0.4 (f) Averaging filter 0.5 (g) Averaging filter 0.6 (h) Averaging filter 0.7 (i) Averaging 
filter 0.8 
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3.3. Tabulated Results 

Table 2 and Table 3 show the overall analysis of this paper. Leukocyte are identified by its shape. 
It represents a regular shape and a compact nucleus with regular and continuous edges. In terms of image 
processing, the nuclei appear darker than the background [27]. This is how blast cells are identified thus by 
applying different threshold, it is easier to pick out which values gives the best effect on the M7 subtypes 
of AML. 

The result of Sobel edge detection proves that noise will decrease as threshold increase. However, 
the edge lines will gradually disappear as threshold increase. Based on the analysis, for non-filtering cases of 
Canny using threshold 0.7; the cell appears much clearer with only a few noises left and two cells overlap but 
are able to identify that they are different because the overlapping case does not make much differences. 
Overall, with average filter when there is no threshold, the image will produce a border but gradually 
fades as threshold increase. Other than that, Sobel edge’s line fades as threshold increase but for Canny, 
the edge still maintains with an increase sharpness of line. This is due to Canny edge detection having to do 
double threshold and finding intensity and gradient of image. 

Sobel edge threshold can only be apply up to 0.5. Values greater than that will produce a black 
background. For Canny, it can go up to 0.9 but as threshold gets to 0.8 it will gradually fades. 


Table 2. Overall Results for Sobel 


Th Filter 
No Filter Median Averaging 
- Overlap cells ea ee Oune 
0.0 -background noise wrTaedic baclorouad noise 
; - Two cells overlap ues 8 - Border shown 
noise ; 
- Overlapping cells 
0.1 - Similar to 0.0 Similar to 0.0 Similar to 0.0 
02 - Not much different - Not much different - Not much different 
; with 0.0 and 0.1 with 0.0 and 0.1 with 0.0 and 0.1 

“Background noise - Noise lessens 
0.3 - Decrease of noise 

gradually fades 

- Less background noise ; - Bits of noises are gone 

- Less noise compare to 
0.4 -Blast edges are starting 
Th 0.3 

to fade 

- Blast edges gradually JB lngvedses tales - Background fades 

diminishes -Blast edges diminishes 
0.5 gradually 


-Background noise 
reduces exponentially 


-Cells still overlap 


Table 3. Overall Results for Canny 


Th Filter 
No Filter Median Averaging 
- Background noise - Five overlap cells paces ae. 
0.0 -Mixed black and white Mixed black and white 
background background packeroune 
-Black border 
-Fully black background 
0.1 -Fully black background -Fully black background - Parts of background are 
still left 
02 - Noise reduces -Noise count is lesser -Noise count is lesser 
exponentially compare to 0.1 compare to 0.1 
03 -Background noise -Noise count is lesser -Noise count is lesser 
gradually fades compare to 0.2 compare to 0.2 
0.4 -Noise count is lesser Similar with Th 0.3 -Similar with Th 0.3 
compare to 0.3 
0.5 -Noise count is lesser Neieededuce -Noise Reduce 
compare to 0.4 
ANeiseaimostoone . -Salt and pepper noise are 
06 completely - Salt and pepper noise are gone . 
“Twoeells oyenap gone - There are still dotted 
background left 
-Salt and pepper noise are - Similar result with Th 0.6 
0.7 gone - Similar result with Th 0.6 
- Two cells overlap 
08 - Blast edges gradually -Similar result with Th 0.7 -Similar result with Th 0.7 


fades 


-Edges gradually fades 


-Edges gradually fades 
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4. CONCLUSION 

Concisely, this paper is about finding suitable edge detection techniques (Sobel and Canny) for M7 
subtype AML to further on the next step of image processing after segmentation step, which is feature 
extraction. The image tests with different threshold values (0.0-0.8) and filters (averaging filter and median 
filter) to give out the best result. It seems that with no filter and a threshold of 0.7, canny edge detection is 
suitable to be picked since noise decreases greatly compare to Sobel. This result agrees with [16] and [17] as 
the best threshold picked for their image is 0.634 and 0.68 respectively, which is closer to 0.7. 
Also aforementioned with its ability to give better detection in terms of noise detection, Canny also filters 
noise earlier in one of it steps hence it does not require additional filter to remove the noise. Albeit that there 
are still one or two background noises left, Canny managed to produce a clearer edge line compare to Sobel. 
For future reference it is good to try on different low pass filter so that the background noise will completely 
be removed and solve the problem of overlapping cell cases. 
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